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We report a magnetic state in GaV4Se8 which emerges exclusively in samples with mesoscale polar
domains and not in polar mono-domain crystals. Its onset is accompanied with a sharp anomaly in
the magnetic susceptibility and the magnetic torque, distinct from other anomalies observed also in
polar mono-domain samples upon transitions between the cycloidal, the Ne´el-type skyrmion lattice
and the ferromagnetic states. We ascribe this additional transition to the formation of magnetic
textures localized at structural domain walls, where the magnetic interactions change stepwise and
spin textures with different spiral planes, hosted by neighbouring domains, need to be matched.
A clear anomaly in the magneto-current indicates that the domain-wall-confined magnetic states
also have strong contributions to the magnetoelectric response. We expect polar domain walls to
commonly host such confined magnetic edge states, especially in materials with long wavelength
magnetic order.
Geometrical or dimensional constraints can promote
the formation of new quantum phases which are ab-
sent in unconstrained bulk systems. Prominent ex-
amples include metallic surface states in topological
insulators1, superconducting vortex state below the
Kosterlitz-Thouless transition2, interface-induced 2D
electron gas3 and superconductivity4–6, integer and frac-
tional quantum Hall edge states7–9 and Wigner crys-
tals10,11 in systems with reduced dimensions. Geomet-
rical constraints are usually enforced externally by syn-
thesizing/structuring materials with mesoscopic dimen-
sions, e.g., in the form of thin films, heterostructures,
nanowires, quantum dots, etc. Such constraints can also
emerge naturally via the formation of mesoscale struc-
tural domain patterns and topological defects12–19.
Indeed, structural domain walls (DW) have recently
been reported to possess novel functionalities, such
as DW conductivity, electrical rectification and su-
per switching, as observed in YMnO3
13,20, ErMnO3
21,
BiFeO3
16,22, LiNbO3
23, PbxSr1−xTiO324, etc. Besides
the peculiar electrical properties of DWs, the atomi-
cally sharp structural changes associated with them can
substantially modify the magnetic exchange interactions
and spin orders, as reported for SrRuO3–Ca0.5Sr0.5TiO3
heterostructures and thin films of La2/3Sr1/3MnO3 and
TbMnO3
19,25,26. Furthermore, geometrical constraints
were shown to substantially increase the thermal stabil-
ity range of magnetic skyrmions27–29, which are whirling
spin textures on the nanoscale, and to generate exotic
magnetic edge states, such as chiral bobbers30.
Lacunar spinels with the chemical formula AB4X8 (A
= Al, Ga, Ge; B= V, Mo, Nb, Ta; X = S, Se, Te)
are a family of narrow-gap Mott insulators, exhibiting
a plethora of correlation and spin-orbit effects, includ-
ing pressure-induced superconductivity31, bandwidth-
controlled metal-to-insulator transition32, electric-field-
driven avalanche of the Mott gap33, large negative mag-
netoresistance34, two-dimensional topological insulator
state35 and orbitally driven ferroelectricity36–39. In addi-
tion to these charge related phenomena and particularly
important for the present study, lacunar spinels, such as
GaV4S8, GaV4Se8 and GaMo4S8, were the first material
family found to host the Ne´el-type skyrmion lattice (SkL)
state40–42. In the last two compounds, the SkL state was
reported to be stable down to zero Kelvin. While these
materials have a cubic structure (F43m) at high temper-
ature, many of them transform to a rhombohedral state
(R3m) upon a Jahn-Teller transition, occuring around
30-50 K, which is triggered by the degeneracy of the B4X4
cluster orbitals37,43,44. The polar axial symmetry of the
low-temperature state is a prerequisite for the emergence
of the Ne´el-type SkL state45.
In this work, we demonstrate that non-trivial spin tex-
tures exist not only in the bulk, but complex magnetic
states arise on the polar DWs of GaV4Se8: The matching
of spin cycloids at polar DWs gives rise to the emergence
of a novel magnetic state confined to the DWs.
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FIG. 1: Electric control of polar domains in GaV4Se8.
a, Temperature dependence of the polarization along the [111]
axis, measured during heating after poling with different elec-
tric fields, Ep ‖[111], upon cooling. The dashed line indicates
the saturation polarization expected for negative poling fields.
b & c, Schematic representations of the cubic unit cell indi-
cating the four possible directions of the polarization, P1−4,
emerging in the rhombohedral phase. For +Ep, the unique
P1 domain is favored (b), for -Ep, the P2−4 domains are fa-
vored (c). In the magneto-current and torque experiments,
described later, the magnetic field was rotated approxiamtely
in the (110) plane, highlighted in orange in panel b. The
angle φ is spanned by the field and the [111] axis.
Results
Electric control of polar domains.
In these compounds, four possible polar domains with
polarizations along the cubic 〈111〉-type axes can ex-
ist, that naturally form multi-domain, lamellar patterns.
The DWs are {100}-type planes with typical periodic-
ity in the range of 10-1000 nm, as observed in GaV4S8
18,
GaV4Se8
46 and GaMo4S8
47 using atomic and piezoelec-
tric force microscopy.
Besides the high DW density, another peculiarity of
this polar phase is the lack of 180◦ DWs and the presence
of 109◦ DWs only, owing to the non-centrosymmetric na-
ture of the cubic phase18,47. (This is in contrast to per-
ovskite ferroelectrics, such as BiFeO3, where the para-
electric cubic phase is centrosymmetric.) Due to the lack
of inversion domains, electric fields of opposite signs, ap-
plied along one of the four 〈111〉-type axes, select either
the unique domain with polarization parallel to the field
or the other three domains, whose polarizations span 71◦
with the electric field. Such control of the polar domains
in GaV4Se8 is sketched in Fig. 1 and also demonstrated
via the temperature-dependent polarization, which was
determined from pyrocurrent measurements, following
electric-field poling. Indeed, the maximum polarization
reached via positive electric fields (2.0µC/cm2) is con-
siderably larger than for negative fields (-0.45µC/cm2).
The ratio of the polarization values in the polar mono-
and multi-domain states is expected to be 3:1 in the pre-
vious scenario, since the pyrocurrent component along
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FIG. 2: Variation of the magnetic structure of
GaV4Se8 in oblique magnetic fields. a-d, SANS images
recorded at 12 K in 220 mT with the magnetic field spanning
0◦, 21◦, 27◦ and 35◦ with the [111] axis, respectively. The
hexagonal and the ±q patterns in panels a and c correspond
to the SkL and cycloidal (conical) states, respectively. Pan-
els b and d are images taken near the SkL→cycloidal and
cycloidal→FM transitions, respectively.
the P1 polar axis was detected.
Magnetic states in polar mono- and multi-
domain GaV4Se8 crystals.
The different polar domains are also distinguished
magnetically, since they are characterized by different
directions of the uniaxial anisotropy, coinciding with
the polar axes41,48,49, and by different orientations of
the Dzyaloshinskii-Moriya vectors that prefer modulated
magnetic structures with q-vectors perpendicular to the
polar axis. Correspondingly, for arbitrary directions of
the magnetic field, distinct magnetic states can coexist on
the different types of polar domains, as has been imaged
in GaV4S8 by magnetic force microscopy
40. Further-
more, twisted magnetic textures confined to the vicin-
ity of polar DWs have been observed in the same ma-
terial18, though a systematic study of these edge states
with changing the orientation of the field could not be
performed.
Due to the uniaxial anisotropy of the material, the
magnetic state depends not only on the magnitude, but
also on the orientation of the field. A sequence of three
different phases, SkL→cycloidal→ferromagnetic (FM),
was observed at 12 K by small angle neutron scattering
(SANS) while rotating a magnetic field of µ0H = 220 mT
in the (110) plane from the polar [111] axis (H‖) towards
the perpendicular plane (H⊥), as demonstrated in Fig. 2.
The SANS patterns were recorded on the (111) plane for
several angles of the field.
In order to continuously follow the phase boundaries
on the H‖–H⊥ plane, we carried out magneto-current
and magnetic torque measurements, when the magnetic
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FIG. 3: Angular dependence of the magneto-current and the magnetic torque in GaV4Se8 at 12 K. Colour maps
of a & c, the magneto-current and b, the dissipative part of the torque, as functions of the angle (φ) and the magnitude (H)
of the magnetic field. Data shown in panel a were recorded on a nearly mono-domain sample, while data shown in panels b
& c were obtained on polar multi-domain samples. Panel d shows a magnified view of the frame indicated in panel c, as a
waterfall diagram, where the magneto-current curves recorded at different angles are shifted horizontally in proportion to φ.
In each panel, the anomalies which can clearly be assigned to magnetic phase boundaries are highlighted by white lines and
labeled, as follows. The numbers 1 and 2 correspond to domains with polar axes [111] and [111], respectively. The characters
a and b correspond to the phase boundary of the SkL state (SkL–cycloidal and SkL–FM) and the cycloidal–FM boundary,
respectively. The asterisks in panels b & d mark the newly found anomaly, associated with a magnetic transition within the
DWs.
field was rotated in fine steps within the (110) plane be-
tween successive field sweeps. The corresponding data
are depicted in Fig. 3 in the form of colour maps over
the field magnitude–orientation plane (φ denotes the an-
gle of the field spanned with the [111] axis, as sketched
in Fig. 1b), where the magnitude of the magneto-current
(Figs. 3a & c) and the dissipative part of the torque sig-
nal (Fig. 3b) are represented by colours. The anoma-
lies labeled in Fig. 3 are used to establish the magnetic
phase diagrams corresponding to polar mono- and multi-
domain samples in Figs. 4a & b, respectively, also sup-
plemented with magnetization, susceptibility and SANS
measurements. The phase boundaries determined from
the torque measurements slightly deviate from those de-
duced by other methods, which is attributed to differ-
ences in the measurements conditions (sample temper-
ature, sample orientation, direction of the field sweep,
etc.). For a better match, the phase boundaries deter-
mined from torque measurements were plotted in Fig. 4a
with H values rescaled by a factor of ∼1.12.
Fig. 3a shows magneto-current studies on a nearly po-
lar mono-domain crystal, where all the observed anoma-
lies (labeled as 1a and 1b) are assigned to transitions in
the P1 domain with polar axis along the [111] direction,
except for a faint signal (labeled as 2a) in the angular
range of 85-145◦. The 180◦ periodicity of the signal can
be readily followed. In contrast, Fig. 3b shows magnetic
torque data as obtained on a polar multi-domain sam-
ple. Here, the faint feature, which is hardly traceable in
the magneto-current data on the mono-domain sample,
shows up clearly as a replica of the droplet-like motifs,
which are the strong features centered around 0◦ and
180◦ in the nearly mono-domain sample. This additional
droplet is also found in magneto-current studies on multi-
domain samples, as shown in Fig. 3c. It is centered at
around ∼109◦, the angle spanned by the polar axes [111]
and [1 11]. Thus, it originates from the P2 polar domain,
whose polar axis also lies in the (110) rotation plane of
the field. For multi-domain samples, the detailed angular
dependence of the magneto-current and torque data re-
veal which magnetic anomalies can be assigned to P1 or
P2 polar domains, and help to establish a domain-specific
magnetic phase diagram (Fig. 4a), as if the samples were
polar mono-domain. Magnetic anomalies corresponding
to P3 and P4 domains cannot be unambiguously assigned,
mainly because the angle spanned by the magnetic field
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FIG. 4: Magnetic phase diagram representative to
polar mono- and multi-domain GaV4Se8 crystals at
12 K, displayed in panel a & b, respectively. The solid
and dashed lines are phase boundaries deduced from magneto-
current and torque measurements, respectively. Triangles rep-
resent SANS data, while circles/squares correspond to mag-
netization measurements without/with electric field poling.
Note that panel a does not exclusively contain data obtained
on polar mono-domain samples, but includes all anomalies,
which are present irrespective if the samples are mono- or
multi-domain ones. In case of polar multi-domain crystals,
H‖ and H⊥ refers to field components parallel and perpen-
dicular to the polar axis of the domain to which the anomalies
are assigned. For the assignment of the different anomalies
to different polar domains in multi-domain crystals and the
establishment of the unified phase diagram, see the main text.
The hashed low-field area in panel a indicates the region of
the cycloidal q-vector reorientation, while the black crosses
along the dashed black line correspond to the points where
the SANS images in Fig. 2 were taken. In panel b, the phase
boundaries, which are also present in the polar mono-domain
case, are shown only as deduced from the magneto-current
measurements. Labels of the phase boundaries (1a, 1b, 2a, 2b)
correspond to those in Fig. 3. The additional phase boundary
labeled by 1∗ & 2∗ is determined by magneto-current (solid
blue line), by torque (dashed light blue line) and by suscepti-
bility measurements (blue square).
and their polar axes varies over a limited range, 54-90◦,
while the field is rotated in the (110) plane.
In polar mono-domain samples (Fig. 4a), there are
three magnetic phases showing up, the cycloidal, the
Ne´el-type SkL and the FM state, in accord with for-
mer studies41,50. Note that phase boundaries in Fig. 4a
are displayed from one hand, as obtained from magneto-
current data on a nearly polar mono-domain crystal
(Fig. 3a). On the other hand, Fig. 4a also shows how
the phase diagram looks like for a given domain in a
polar multi-domain crystal, when the orientation of the
field is measured from the polar axis of that domain.
Since there is no difference between the two cases, phase
boundaries in Fig. 4a are representative to the magnetic
states inside the polar domains. In fields applied along
the polar axis, the cycloidal phase has coexisting domains
with wavevectors oriented in different directions (in the
plane perpendicular to the rhombohedral axis) up to its
transformation to the SkL state40,41. By oblique fields,
this cycloidal multi-domain state is turned to a cycloidal
mono-domain state, since H⊥ selects the unique q-vector,
which is perpendicular to this field component41. This re-
population of the cycloidal domains is directly detected
by SANS experiments (see Fig. S1 in the Supplemental
material) and also manifested in magnetic susceptibility
and magneto-current data as a low-field upturn and a
peak, respectively, at H⊥ ∼ 40mT , as discerned e.g. in
Figs. 5a & b. (For details see Fig. S2 in the Supplemental
material.) The crossover regime from the cycloidal multi-
to mono-domain state is also indicated in Fig. 4a. An-
other important observation is that for certain angles of
oblique fields, there is a re-entrant cycloidal state, where
the full sequence of magnetic transitions with increasing
field is cycloidal→SkL→cycloidal→FM. This re-entrance
of the cycloidal phase, found in magnetization, magneto-
current and torque experiments for φ = 21 − 29◦, has
been predicted for oblique fields in GaV4Se8
51, but has
not been observed yet41,50.
In polar multi-domain samples, besides the features
assigned to magnetic transitions within the bulk of the
different polar domains, there are additional anomalies
in the torque and magneto-current data, marked by as-
terisks in Figs. 3b & d, respectively. In case of magneto-
current measurements, the corresponding angular range
(φ =30-75◦) is highlighted by a rectangle in Fig. 3c and
a zoom-in view of the magneto-current curves is given in
Fig. 3d. In the torque data, there are additional weak fea-
tures observed52. However, here we only discuss anoma-
lies simultaneously discerned in magnetization, magneto-
current and torque data.
The key observation of the present work is the emer-
gence of this additional magnetic transition in polar
multi-domain samples, as shown in Fig. 4b. This change
in the magnetic state is triggered by oblique fields and
located in the middle of the cycloidal phase, where the
cycloidal modulation with a unique q-vector is already es-
tablished by the H⊥ component of the field. Fig. 5 sum-
marizes the signatures of this extra transition, based on
various quantities measured in H ‖ [001]. This choice of
the field orientation guarantees that all the polar domains
host the same magnetic state, irrespective of the magni-
tude of the field, since the [001] axis spans the same angle
(54◦) with the magnetic anisotropy axes of all the four
5polar domains. Thus, one would expect the same mag-
netic anomalies, irrespective of having a polar mono- or
multi-domain sample, unless the presence of DWs intro-
duces an additional magnetic state not existing inside the
domains. The magnetic susceptibility has a sharp peak
at ∼100 mT for the polar multi-domain sample, which
is strongly suppressed as the polar mono-domain state
is approached, but not fully achieved by poling. The
poling worked more efficiently for the thin platelet used
in the magneto-current studies: The sharp step in the
magneto-current curve associated with this transition is
completely suppressed, as the polar mono-domain state
is reached. The dissipative part of the magnetic torque
signal also shows a weak anomaly at this field, though it
is better visible a few degrees away from the [001] direc-
tion. In this case the mono-domain state could not be
studied due to the unfeasibility of electric poling. In the
field dependence of the SANS intensity we could not ob-
serve any anomaly associated with this transition. This
may be due to the signal to noise ratio and the limited
field resolution in the SANS measurements.
Another observation supporting that the new anomaly
is associated with magnetic states confined to the vicin-
ity of DWs and not extended over the entire volume of
the crystals is the weakness of the anomaly in the mag-
netic properties. Namely, the magnitude of the step-wise
increase in the magnetization, corresponding to the sus-
ceptibility peak observed at 100 mT with H‖[001], is less
than 5% of the magnetization step observed upon the
cycloidal to SkL transition in similar fields for H‖[111].
(See Fig. S3 in the Supplemental material.) Another pos-
sibility would be that while the anomaly is readily linked
to the presence of DWs, as demonstrated by electric pol-
ing experiments, it is associated to a novel magnetic state
triggered by the DWs but not confined to their vicin-
ity. However, in this case the critical field of the cor-
responding transition would depend on the distance of
neighbouring DWs and, therefore, should show a broad
distribution. In contrast, the observed anomaly is rather
sharp with a full width of .3 mT.
Discussion
Our study demonstrates that the existence of DWs is
a prerequisite for the emergence of the new magnetic
state in GaV4Se8, as revealed by macroscopic magnetic
and magnetoelectric properties. The density of DWs is
rather high in this compound46, especially if we compare
the typical DW distance of ∼100-200 nm to the wave-
length of the Ne´el-type magnetic modulations of ∼20 nm.
The DWs separating polar rhombohedral domains in this
compound do not only produce a sudden change in the
direction of the magnetic anisotropy axis but also change
the orientation of the Dzyaloshinskii-Moriya vectors. We
think that the mismatch between different modulated
states, favoured by different magnetic interactions at ad-
jacent domains, can give rise to the formation of new
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FIG. 5: Magnetic anomalies in polar mono- and multi-
domain GaV4Se8 crystals at 12 K. Magnetic field de-
pendence of a, the real part of the ac-susceptibility, b, the
magneto-current, c, the dissipative part of the torque and d,
the SANS intensity, all measured in H ‖ [001] (φ ∼ 54◦).
Curves displayed in black/red were recorded on polar multi-
/mono-domain crystals. The inset in panel a shows a mag-
nified view of the anomaly around 100 mT for three differ-
ent electric poling fields (red: +2.5 kV
cm
, green: 0 kV
cm
, black:
-2.5 kV
cm
). The brown, blue and red vertical dashed lines in-
dicate the q-vector re-orientation, the anomaly observed in
multi-domain samples and the cycloidal→FM transition, re-
spectively.
spin textures at the DWs. We expect that the new mag-
netic state conned to DWs transforms to the FM state at
the same time as the cycloidal to FM transition happens
inside the domains. This is in accord with the lack of
a second weak anomaly in Fig. 4b, based on the mag-
netization, torque and magneto-current data for polar
multi-domain samples. An alternative scenario is that
the magnetic frustration coming from the change of the
Dzyaloshinskii-Moriya interaction at DWs may also sup-
press the stability range of the modulated states near the
DWs, since the critical magnetic field, where the modu-
lated states transform to the FM state, scales with D2/J ,
where D is the strength of the Dzyaloshinskii-Moriya in-
teraction and J is the isotropic Heisenberg exchange.
The corresponding scenario for the magnetic anomaly,
6observed exclusively in polar multi-domain samples, is
that the DW region becomes FM at lower fields, when
the cycloidal modulations still persist inside the domains.
It is important to note that the two transition lines
1∗ and 2∗ in Figs. 3c & d fall on each other and form
a single phase boundary in Fig. 4b, if they are respec-
tively assigned to P1 and P2 domains, meaning that the
angle of the magnetic field is measured from the corre-
sponding polar axes. From this, we conclude that these
conned magnetic states do not form on DWs between
P1 and P2 domains, but on P1 − P3 or P2 − P4 DWs
parallel to the (100) plane or on P1 − P4 or P2 − P3
DWs parallel to the (010) plane. As discussed earlier,
the magnetic anisotropy axis of each domain spans the
same angle with the field for H ‖[001], thus, the same
magnetic state exists inside all the domains. In contrast,
not all the DWs are magnetically equivalent for this spe-
cific field orientation: H ‖[001] lies within the plane of
the four types of DWs listed above and is perpendicular
to the P1−P2 and P3−P4 DWs. (For details, see Fig. S4
in the Supplemental material.) Note that in the angu-
lar range, where the new state appears at the DWs, the
corresponding domains host the cycloidal state. Con-
sequently, the edge state emerges due to the imperfect
matching of two cycloids with different rotation planes.
A similar phenomenon has recently been observed for an-
tiferromagnetic spin cycloids interfaced at polar DWs of
BiFeO3
53,54. More specific information about the nature
of the new magnetic state would require the real-space
imaging of magnetic textures in GaV4Se8. Such trials on
GaV4Se8 have not been successful so far, in contrast to
GaV4S8, where we could even observe magnetic textures
localized to DWs18 besides the extended cycloidal and
SkL states40.
Recently, the influence of structural DWs on macro-
scopic (bulk) electronic properties has been extensively
investigated20,23. In contrast, manifestations of spin tex-
tures confined to DWs in macroscopic magnetic prop-
erties have hardly been observed. In the present work,
we found sharp magnetic and magnetoelectric anomalies
in GaV4Se8 what we assign to a phase transition origi-
nating from magnetic states confined to the vicinity of
structural DWs.
Methods
Sample synthesis and characterization. Single
crystals of GaV4Se8 with typical mass of 1-30 mg were
grown by the chemical vapour transport method using
iodine as the transport agent. The crystallographic ori-
entation of the samples was determined by X-ray Laue
and neutron diffraction.
Magnetization measurements. The magnetization
and ac susceptibility measurements were performed fol-
lowing an initial zero-field cooling, using an Magnetic
Property Measurement System (MPMS) from Quantum
Design. For ac susceptibility measurements with electric
field poling, a home made probe was used. Poling electric
field was applied only during cooling.
Magneto-current measurements. For the pyro-
and magneto-current measurements, contacts on two par-
allel (111) faces of the crystals were applied using sil-
ver paint. The sample was cooled using an Oxford he-
lium flow cryostat. For changing the orientation of the
magnetic field with respect to the electric contacts, the
sample was mounted on a platform, which can be ro-
tated by a stepper motor. To ensure low noise mea-
surements, the platform was equipped with two coaxial
cables. For magneto-current measurements, the current
was recorded using Keysight B2987A electrometer while
the magnetic field was swept with a typical rate of 0.5-
1 T/min. For pyrocurrent measurements, the current was
recorded with the same electrometer while the temper-
ature was swept from 3 K to 50 K with a rate of about
6 K/min.
Torque magnetometry. Torque data was recorded
with dynamic cantilever magnetometry (DCM)29,55. A
single crystalline piece of GaV4Se8 (spacial dimensions in
the order of 100µm) was attached to the end of a com-
mercial cantilever (Arrow-TL1, Nanoworld). In DCM,
the cantilever is driven into self-oscillation at its reso-
nance frequency. Changes in the dissipation ∆Γ = Γ−Γ0,
induced by the torque from the sample, are measured as
a function of the uniform applied magnetic field H, where
Γ0 is the cantilever’s intrinsic mechanical dissipation at
H = 0. Measurements of ∆Γ are particularly useful for
identifying magnetic phase transitions29.
DCM measurements were carried out in a vibration-
isolated closed-cycle cryostat. The pressure in the sam-
ple chamber is less than 10−6 mbar and the temperature
can be stabilized between 4-300 K. Using an external ro-
tatable superconducting magnet, magnetic fields up to
4.5 T can be applied along any direction spanning 120◦
in the plane of cantilever oscillation. A piezoelectric ac-
tuator mechanically drives the cantilever with a constant
oscillation amplitude of a few tens of nanometers using a
feedback loop implemented by a field-programmable gate
array. The cantilever’s motion is read out using an op-
tical fiber interferometer using 100 nW of laser light at
1550 nm56.
Small-angle neutron scattering. Small-angle neu-
tron scattering (SANS) was performed on a 11.6 mg sin-
gle crystal sample of GaV4Se8. SANS patterns discussed
in the main text were measured using the SANS-I instru-
ment of SINQ at the Paul Scherrer Institut (PSI), Villi-
gen, Switzerland. The wavelength of the incoming neu-
trons was 6 A˚, the collimation and the sample-detector
distances were set to 6 m. The magnetic field was applied
in various directions within the (110) plane. Additionally,
magnetic field dependence of the scattering data shown in
the supplement was measured using the D11 and the D33
instruments at the Institut Laue-Langevin (ILL), Greno-
ble, France. The neutron wavelength of 5 A˚was selected
and the collimator-sample and the sample-detector dis-
tances were set to 5 m. In all experiments the sample to-
7gether with the magnet is rotated and tilted, i.e. rocked
in order to move the magnetic diffraction peaks through
the Ewald sphere. The SANS patterns presented are the
sum of intensities through the whole rocking angle range.
Similar measurements were taken in the paramagnetic
phase at 20 K, and subtracted from the data to obtain
the magnetic scattering data.
Data Availability
The measurement data from ILL is publicly avail-
able under the ILL DOI-s https://doi.ill.fr/10.5291/ILL-
DATA.INTER-338 and https://doi.ill.fr/10.5291/ILL-
DATA.5-42-438. The rest of the data that support the
findings of this study are available from the correspond-
ing author upon reasonable request.
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